Solvents determine the outcome of many industrial chemical reactions. Sometimes small changes in the properties of the solvent system can have dramatic consequences on the economics of these processes, and a broad array of empirical analyses have been performed to evaluate solvent effects on chemical processes. Chemists at Argonne National Laboratory have adopted a very direct approach and are measuring the actual rates of solvation of large organic anions in different solvents for the first time. Chuck Jonah and Yi Lin used the Argonne linac to create the anions in an unsolvated state, and then studied the manner in which they interacted with surrounding molecules.
Chemistry Division, Argonne National Laboratory Solvation has long been known to be an important factor in determining chemical reactivity.
However, until recently, it was not possible to measure the rates of solvation. In the last few years, laser experiments have made it possible to measure solvent kinetics, albeit for n'eutral rather than charged species. Because many reactions take place between charged species, it is clear that it is necessary to see if the solvation kinetics of ions are the same as for uncharged species. Until we began our measurements there had been no measurements of anion solvation at room temperature.
The solvation of the benzophenone anion was measured in a series of primary and secondary alcohols using the Argonne picosecond linac. The benzophenone anion was formed from the reaction of the presolvated electron with the benzophenone molecule. This reaction takes place in less than 20 ps. We then observe the solvation of the anion by the change in the optical spectrum as a function What also should be noted is the difference in the amount of spectral shift in 2-octanol compared to l-octanol. The amount of shift is much greater in l-octanol than in 2-octanol.
The rates for the benzophenone-anion solvation in different solvents are given in Figure 2 .
The solvation time is plotted against the dielectric relaxation time -a time that describes the rate at which the solvent molecules rearrange. Included in the figure are the time necessary for the solvation of the electron in different alcohols that were measured earlier at Argonne and the solvation of dipoles (formed by creating an excited state with a laser) that have been measured by other workers. What is interesting is that the solvation of the electron and the solvation of the anion are very similar whereas the dipole solvation is much slower. One might have thought that the quantum particle, the electron, would be the different one; however that does not appear to be the case.
Clearly solvation is different for anions.
The difference in wavelength shift between primary and secondary alcohols provides further insight into the solvation process. Simple continuum theory would suggest that the amount of solvation, measured by wavelength shift, would depend on the dipole density. However, the amount of shift is very similar for propanol to decanol, whereas the dipole density changes by a factor of 3; conversely, the dipole density is the same for 1-and 2-octanol but the spectrum shifts. These results suggest that a microscopic effect is important. A simple model of a solvent molecule was made that could give the geometrical properties of a primary alcohol, a secondary alcohol, and a molecule like a primary alcohol but with the dipole moment reversed (something like acetonitrile). This work has provided a new pathway for understanding solvation. We will pursue both new experiments and new theoretical techniques. We will alter the structure of the probe molecule (the benzophenone anion) to understand the interrelation between solvent and solute structure and solvation time. We will change the temperature to vary the internal energy of the system. Our theoretical studies will emphasize more realistic models. We will use quantum mechanical models to evaluate the correspondence between solvation energy and spectral shift. These calculations will also give significant insight into the approximations that are used in calculating solvation. 
